Note 3: Appears only as cross-references between activity and relative activity in [1] . From [2] . activity coefficient, f, γ m , γ c , γ x Dimensionless correction factor that multiplies the quantity used to express the composition of the substance (usually mole fraction, molality, or amount concentration) to produce the (relative) activity of the substance. Note 1: Amount of substance is proportional to the number of entities, the proportionality constant being the reciprocal Avogadro constant. Therefore, amount of substance, just as number of entities, must be accompanied by a specification of the type of entities.
Note 2:
The words "of substance" may be replaced by the specification of the entity, for example: amount of chlorine atoms, n(Cl), amount of chlorine molecules, n(Cl 2 ). No specification of the entity might lead to ambiguities [amount of sulfur could stand for n(S), n(S 8 ), etc.], but in many cases the implied entity is assumed to be known: for molecular compounds, it is usually the molecule [e.g., amount of benzene usually means n(C 6 H 6 )]; for ionic compounds, it is the simplest formula unit [e.g., amount of sodium chloride usually means n(NaCl)]; and for metals, it is the atom [e.g., amount of silver usually stands for n(Ag)].
Note 3:
In some derived quantities, the words "of substance" are also omitted, e.g., amount concentration, amount fraction. Thus, in many cases the name of the base quantity is shortened to amount, and to avoid possible confusion with the general meaning of the word, the attribute chemical is added. Chemical amount is hence the alternative name for amount of substance. In the field of clinical chemistry, the words "of substance" should not be omitted and abbreviations such as substance concentration (for amount of substance concentration) and substance fraction are in use. The quantity had no name prior to 1969 and was simply referred to as the number of moles.
From [1, 2] .
amount-of-substance fraction
See mole fraction.
amount ratio, r See mole ratio.
analytical method (in determination of solubility) Class of experimental procedures for solubility determination in which a saturated solution is prepared and then analyzed to determine composition. See also synthetic method.
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aquamolality, m (C) solvomolality For a solute B in a system containing solvent A and a reference solvent C,
where m B is the molality of B, M C is the molar mass of a reference component, and M -is the average molar mass of a mixed solvent, defined for a system containing two solvents as
Note 1: Used most frequently in discussing comparative solubilities in water (C) and heavy water (A) and their mixtures, but applies to any reference component, where solvomolality is a more appropriate term.
Note 2:
For history and equivalence with older definitions, see [5] .
azeotropic point azeotrope For a mixture, temperature and pressure (the azeotropic temperature and pressure) at which the compositions of the liquid and vapor phases become equal (the azeotropic composition), but the intensive properties of the two phases (such as molar volume) are different. See also critical point. From [6] .
binary system
System containing two components. See also unary system, ternary system, higher-order system.
binodal curve
See coexistence curve.
Bunsen coefficient, α
Volume V g of an amount n l B of a gas dissolved at a given standard temperature T o -(usually 273.15 K) and given standard (partial) pressure p o -B (1 bar = 0.1 MPa or, in older literature, 1 atm) divided by the volume of the solvent V l containing an amount n A of solvent at temperature T and the given total pressure p o -.
Note 1:
There are two Bunsen coefficients, depending on whether the liquid is the equilibrium solution or the pure liquid, with mathematical definitions:
B is the amount of dissolved gas in the liquid solution. 
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where V A , V m,A are the respective partial molar volume and molar volume of the solvent and Z B is the compression factor of the gas.
Note 3:
The Bunsen coefficient and the related quantities for expression of gas solubility; absorption coefficient, Kuenen coefficient, and Ostwald coefficient appear frequently in the older literature of gas solubility determination. However, the modern practice, recommended here, is to express gas solubility as molality, mole fraction, or mole ratio.
From [5] .
catatectic reaction
See metatectic reaction.
chemical amount
See amount of substance.
chlorinity, Cl, w Cl Mass of dissolved halides (reported as chloride) in sea water, brackish water, brine, or other saline solution divided by the mass of the solution.
Note 1: For a sample of sea water, 0.328 534 times the mass of pure reference silver, "Atomgewichtssilber", necessary to precipitate the halides (chloride + bromide + iodide, but expressed as chloride) contained in a sample of sea water divided by the mass of this sample.
Note 2: Used (especially before 1978) in calculating salinity, and based on the assumption that the concentration ratios of the principal salts in sea water are constant throughout the oceans. This assumption is only approximate.
Note 3:
The symbol Cl is recommended in [8] . Modified from [11, 12] .
common ion effect
Decrease in solubility of a salt when a second non-saturating salt with one ion in common with the salt is added to its saturated solution.
Note: Restricted in practice to composition regions where common ions do not form soluble complexes with the saturating salt and to salts with sufficiently low solubility and at sufficiently low ionic strengths that the activity coefficient of the salt is close to unity. At higher ionic strengths, or for salts with high solubility, the activity coefficient usually decreases with addition of non-saturating salt, resulting in a higher solubility. Note: The number of components in a given system is the minimum number of independent species necessary to define the composition of all phases of that system. Relations among the constituents, such as charge balance or chemical equilibria, must be taken into account in determining the number of components. The term "component" is also often used in the more general sense defined under constituent.
Modified from [1] .
compression factor, Z compressibility factor Product of pressure and molar volume divided by the gas constant and thermodynamic temperature. For an ideal gas it is equal to 1. From [1] .
congruent transition
Transition in which the two-phase equilibrium of melting, vaporization, or allotropism of a compound involves phases of the same composition. From [1, 12] . 
conjugate phases

critical point
For a pure phase, temperature and pressure (the critical temperature, T c , and pressure, p c ) at which intensive properties of liquid and vapor (density, heat capacity, etc.) become equal. For a mixture, temperature, pressure, and composition (the critical temperature, pressure, and composition) at which the compositions of the liquid and vapor phases, as well as intensive properties of the liquid and vapor phases, become equal.
Note: For a pure phase, the highest temperature (critical temperature) and pressure (critical pressure) at which both a gaseous and a liquid phase can exist.
See also azeotropic point, critical solution point.
Modified from [6] .
critical solution point cloud point consolute point plait point (ternary and higher-order systems) In a binary system, point with coordinates critical solution temperature (CST) or critical solution pressure (CSP) and critical composition on a temperature-composition or pressure-composition phase diagram at which the distinction between coexistent phases disappears.
In ternary and higher-order systems, composition below or above which, on a ternary or higher composition phase diagram at constant temperature and pressure, the distinction between coexistent phases disappears, and tie-lines between coexisting phases become tangential to the coexistence curve.
Note 1: Disappearance of the distinction between phases corresponds to disappearance of a miscibility gap; see mutual solubility.
Note 2:
The locus of the plait point composition against temperature is called the plait point curve.
Note 3:
In solid-solid, solid-liquid, and liquid-liquid systems, both upper and lower critical solution temperatures (UCST, LCST) or upper and lower critical solution pressures (UCSP, LCSP) can occur. In some systems, both can be observed.
Note 4:
In principle, there is no distinction between critical solution points in liquid-liquid or solid-solid systems and critical points in liquid-vapor systems. In binary systems, both types of points are determined by the derivatives of the Gibbs energy with respect to mole fraction
Modified from [1, 12, 13] .
crystallization Formation of a crystalline solid phase from either (a) a solid, liquid, or gaseous mixture or solution, or (b) a pure liquid or gas.
Note: Crystallization usually occurs under laboratory conditions by altering the temperature or pressure of a system, or by evaporation of a solvent.
data Experimental results, often numerical.
Note 1:
The term is plural; its singular form is datum.
Note 2: Data directly obtained from experimental apparatus may be referred to as raw data. Raw data may be subjected to numerical operations (unit conversions, etc.) to give transformed data, which maintain a point-for-point correspondence with the raw data. However, the use of the term "data" to refer to the results of numerical modeling operations or other elaborate calculations is controversial and discouraged. The latter are better referred to as "results" and, when presented graphically, are usually represented by smooth lines.
density, ρ mass density Mass of a pure substance, mixture, or solution divided by its volume. From [2] .
dissolution Process of mixing of two or more phases with the formation of one new homogeneous phase (i.e., the solution).
Modified from [1, 12] . where the forward arrows indicate the direction of heating.
The dystectic temperature is a maximum (dT/dx = 0) of the melting temperature-composition curve. The dystectic point is the isobarically invariant maximum at the dystectic composition and dystectic temperature, where the compositions of the liquid and solid phases are equal. The composition of a non-stoichiometric compound is also equal to that of the melt at the dystectic temperature and composition.
Note 2:
From Greek δύστηκτος, difficult (or highest) melting.
Note 3:
Occasionally, a similar reaction takes place in the subsolidus region. Quite appropriately, it is called a dystectoid reaction.
Examples: systems SO 3 + H 2 O [14] , Mg + Sn [15] . From [14, 16] .
dystonic reaction
Reversible dissolution in an isothermal, isobaric system of three or more components characterized by dissolution and saturation with a stoichiometric compound consisting of two or more of these components. The equilibrium process is, for example, If all these quantities become uniform, the system is said to be in a state of complete thermodynamic equilibrium.
Note 1:
Complete thermodynamic equilibrium can be expressed in many ways, depending on which variables are of interest. For solubility purposes, the important variables are T, p and the chemical potentials µ i of the C components. Equilibrium conditions involving these variables may be obtained by the condition that the variation of the Gibbs energy, expressed in terms of T, p and the amount of substance n i of the C components, is zero, δG(T, p, n i ) = 0 (i.e., the Gibbs energy is a minimum). If the variation is negative, an irreversible change of the system can occur.
Note 2: Solubility equilibrium is an example of a state of complete thermodynamic equilibrium. For example, a saturated solution of a solid in a liquid at a fixed temperature and pressure is in a state of complete thermodynamic equilibrium. If the system is subjected to a small increase in temperature, a small portion of solid will dissolve to restore the equilibrium (if the solubility increases with temperature), while if there is a small decrease in temperature, a small portion of solid will precipitate. This is the basis for determining accurate values of solubility by approaching the equilibrium solubility from both supersaturation and undersaturation directions. Modified and extended from [1] .
eutectic reaction
Isothermal reversible reaction of a liquid phase l which is transformed into two (or more) different solid phases α and β during the cooling of a system. In a binary system,
where l is a liquid phase, α, β are solid phases, and the forward arrow indicates the direction of cooling. The equilibrium reaction occurs along the eutectic line at the eutectic temperature. At the eutectic composition, the compositions of the liquid and solid phases are equal, and intermediate to the compositions of the solid phases of the system.
Note 1:
The solid phases may be pure phases, solid mixtures, or binary compounds.
Note 2:
The eutectic line and composition (hence point) are isobaric invariants of the system, and represent the composition and the minimum melting temperature along the two intersecting melting curves.
Note 3: From Greek ευτηκτος, easy (or lowest) melting.
Note 4:
The definition in [1] has been extended, but with eutectic temperature and composition included in the definition.
Example: system Ag + Cu [15] and many salt + water systems.
Modified from [1, 12, 16] .
eutectoid reaction
Isothermal reversible reaction of a solid mixture phase γ which is transformed into two (or more) different solid (pure, binary compound or mixture) phases α and β during the cooling of a system. In a binary system, γ α + β where the forward arrow indicates the direction of cooling. The equilibrium reaction occurs along the eutectoid line at the eutectoid temperature. At the eutectoid composition, the compositions of the hightemperature solid phase and the mechanical mixture of the low-temperature solid phases are equal, and intermediate to the compositions of the pure solid phases α and β. This composition and the eutectoid temperature, which are isobaric invariants of the system, define the eutectoid point.
Note: Derived from Greek and Latin, meaning "resembling a eutectic".
Example: system Fe + C [15] . See eutectic reaction, Note 2.
eutonic reaction isothermally invariant reaction (isothermally and isobarically invariant) reaction of double saturation Reversible dissolution in a system of three or more components characterized by the composition of a solution that is simultaneously saturated with respect to all (at least two or more) dissolved solutes. The two simultaneous equilibrium processes are, for example,
Note 1: The eutonic point is invariant in a ternary system at a given temperature and pressure.
Note 2:
The chemical potential of solvent decreases along the two solubility curves that intersect at the eutonic point, and thus reaches a minimum value at that point. Thus, colligative properties (that depend on solvent activity) reach a minimum value at the eutonic point. For example, if the solutes are nonvolatile and the solvent is volatile, the vapor pressure reaches a minimum value. 
Gibbs-Duhem equation Equation relating the intensive variables T, p and the C chemical potentials µ i in a phase
where C is the total number of components i in a phase. From [14] .
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Glossary of terms related to solubility 247
Gibbs energy of transfer Change in Gibbs energy at a given temperature and pressure for transfer of a substance between two different phases.
Gibbs-Konovalov equations van der Waals' equations Pair of equations for a binary mixture of components A and B that relate the variables T, p, in one phase of variable composition, α, to the variables T, p, in a coexisting equilibrium phase of variable composition, β:
are the enthalpy and volume of transfer of component A from phase α to phase β, and similarly for component B.
Note 1:
(condition for diffusional stability). This quantity may also be expressed in terms of the derivatives of the chemical potentials, using
Note 2: These equations show that an extremum occurs for each phase equation when the compositions of the two phases are equal, and that the slope of the T-composition or p-composition curve is zero for each phase equation at the extremum. 
Note 2:
The solubility constant is the standard equilibrium constant for the equilibrium B(g) B(satd l), while the Henry's law constant is the standard equilibrium constant for the equilibrium B(satd l) B(g). Thus, the two constants are reciprocals of one another, to within a factor of standard pressure. The definition of the solubility constant K x,B as a dimensionless quantity is Note 3: For the solvent (A), the above relation is called Raoult's law, and the proportionality factor is the fugacity of the pure solvent, p A
where f A is the activity coefficient of A referenced to Raoult's law at mole fraction x A .
Note 4:
Henry's law is used often as a limiting law for converting solubility data from the experimental pressure to standard partial pressure, provided the mole fraction of the gas in the liquid is small and that the difference in pressures is small. higher-order system multicomponent system System containing more than three components. See also unary system, binary system, ternary system.
© 2008 IUPAC, Pure and Applied Chemistry 80, 233-276
Glossary of terms related to solubility 249 [18] , and are used in formulating fitting equations for solubility of salts, in defining activity coefficients on the mole fraction scale, and in discussing salt effects on solubilities of gases.
Note 2: Note that
From [5, 18] . From [2] .
Ising model
Theory of coexistence curves or other discontinuities in the properties of phases (such as order-disorder or magnetic transitions) in binary systems, based on a one-, two-, or three-dimensional statistical mechanical nearest-neighbor lattice theory.
Note:
The theory predicts phase separation in a wide variety of systems, including binary liquid or solid systems that possess critical solution points.
From [19] .
isobar Line joining points of equal pressure on a phase diagram.
isopleth Line joining points of equal composition on a phase diagram.
isotherm (solubility)
Line joining points of equal temperature on a phase diagram.
isothermal method
See synthetic method. See also solvent mole (mass) fraction. From [5, 20] .
Kuenen coefficient, S
Volume V g of an amount n B l of a dissolved gas at a given standard temperature T o -(usually 273.15 K) and given standard pressure p o o -(1 bar = 0.1 MPa or, in older literature, 1 atm) divided by the mass m l of the dissolving liquid containing an amount n A of solvent at temperature T and the given pressure p o -.
Note 1:
There are two Kuenen coefficients, depending on whether the liquid is the equilibrium solution or the pure liquid, with mathematical definitions: where M A is the molar mass the solvent and Z B is the compression factor of the gas.
Note 3:
The Kuenen coefficient and the related quantities for expression of gas solubility: absorption coefficient, Bunsen coefficient, and Ostwald coefficient appear frequently in the older literature of gas solubility determination. However, the modern practice, recommended here, is to express gas solubility as molality, mole fraction, or mole ratio.
From [5] . Note 1: m is used here as a symbol for mass, not molality.
Note 2: Solubility is often expressed in units ppm, which is equivalent to the SI units mg/kg if the physical quantity involved is mass fraction, or mmol/mol if mole fraction, etc., or even mmol/L, etc., for aqueous solutions where the density of the solution is approximately 1 g/cm 3 . However, it is recommended that the term "parts per million, ppm" be avoided since, as noted, "parts" may be measured on any one of a mass, amount, or volume basis. If it is used, the physical quantity to which it refers must be specified.
From [2] .
mass percent
Deprecated term that includes both a quantity and a unit. Replace by mass fraction expressed as percent. Examples: Deprecated: the solubility of B is 2.5 mass %. Recommended: the solubility of B is w B = 0.025, or w B = 2.5 %, or (especially in table headings and labels on axes of plots) 100 w B , with entry 2.5 in table or on axis. melt Liquid state of system that is a solid at room temperature.
metastable state metastability State of a system in which a perturbation of any one of its defining variables may cause a change to a more stable state.
Note 1:
A system in a metastable state is in a state of metastable equilibrium, and so can be described consistently by thermodynamic methods.
Note 2: Although a driving force for the transition of a metastable state to a stable state exists (∆ trs G < 0 at constant T and p) the transition is retarded, i.e., the transition to the more stable state does not occur significantly during the time of observation.
Modified from [1, 11] . where the forward arrow indicates the direction of cooling. The equilibrium transformation occurs along the metatectic line characterized by the metatectic temperature. The metatectic composition and temperature, isobaric invariants of the system, define the metatectic point, which lies between the compositions of liquid l and solid phase α.
From Greek µετα-, referring to position of melting relative to eutectectic and monotectic + -τηκτος, fusible.
Note 2:
The alternate name catatectic reaction, from Greek κατα, down + -τηκτος, fusible has been suggested to emphasize the phenomenon of melting during cooling [20] .
Note 3:
Occasionally, a similar reaction takes place in the subsolidus region. Quite appropriately, it is called metatectoid reaction.
Example: system Fe + Zr [15] . From [16] . 
molality, m, b
Amount of a solute divided by the mass of the solvent. Modified from [1] .
mole fraction, x amount-of-substance fraction amount fraction Amount of substance of a constituent divided by the total amount of all constituents in a mixture.
Note: Usually, x is used for constituents in solid or liquid phases, y in gas phases.
From [1] .
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mole percent
Deprecated term that includes both a quantity and a unit. Replace by mole fraction expressed as percent. Example: Deprecated: the solubility of B is 2.5 mole %. Recommended: the solubility of B is x B = 0.025, or x B = 2.5 %, or (especially in table headings and labels on axes of plots) 100 x B , with entry 2.5 in table or on axis.
mole ratio, r amount ratio Amount of one constituent divided by the amount of a second constituent in the same system. For constituents 1 and 2,
monotectic reaction
Isothermal reversible reaction of a liquid phase to form a solid phase and a second liquid phase during cooling of a system. In a binary system,
where the forward arrow indicates the direction of cooling. The equilibrium transformation occurs along the monotectic line, characterized by the monotectic temperature. The monotectic composition and temperature, isobaric invariants of the system, define the monotectic point, which lies between the compositions of liquid l 2 and solid phase α.
Note: From Greek µονος = one and τηκτος = fusible.
Examples: systems Pb + Zn [16] , methanol + cyclohexane [22] .
monotectoid reaction
Isothermal reversible reaction of a solid phase α 1 which is transformed into two different solid phases α 2 and β during the cooling of a system. In a binary system,
where the forward arrow indicates the direction of cooling. The equilibrium process occurs along the monotectoid line at the monotectoid temperature. The monotectoid composition and temperature, isobaric invariants of the system, define the monotectoid point, which lies between the compositions of phases β and α 2 .
Note 1: Derived from Greek, meaning "resembling a monotectic".
Note 2:
Because the monotectoid temperature is an isobaric invariant, the statement in [1, 11] , that it is the maximum temperature at which the monotectoid reaction can occur is incorrect.
Example: system Al + Zn [15] .
multicomponent system
See higher-order system.
mutual solubility
In a system of two or more liquid or solid components, solubility of all components in all phases.
Note: If mutual solubility is limited over a range of temperature and composition, the liquids or solids are said to exhibit partial miscibility and the system possesses a miscibility gap.
non-saturating solute
Solute which forms an unsaturated solution.
Note: Together with the term saturating solute used to distinguish among solutes in ternary and higher-order systems. From [1, 2] , index B corrected from [1] and sign corrected from [2] .
Ostwald coefficient, L Volume V g of an amount n l B of a dissolved gas calculated at given temperature T and pressure p divided by the volume of the dissolving liquid of volume V l and containing an amount n A of solvent at the same temperature T and pressure p. Note 3: A discussion of the Ostwald coefficient from a historical perspective is available [22] .
Note 4:
The Ostwald coefficient and the related quantities for expression of gas solubility, the absorption, Bunsen, and Kuenen coefficients, appear frequently in the older literature of gas solubility determination. However, the modern practice, recommended here, is to express gas solubility as molality, mole fraction, or mole ratio.
Ostwald ripening Dissolution of small crystals or sol particles and the redeposition of the dissolved species on the surfaces of larger crystals or sol particles.
Note:
The process occurs because smaller particles have a higher surface energy, hence higher total Gibbs energy, than larger particles, giving rise to an apparent higher solubility.
From [24] as modified from [1] . where the forward arrow indicates the direction of cooling. The equilibrium process occurs at the peritectoid point, characterized by the peritectoid line at the peritectoid temperature. The peritectoid composition and temperature, isobaric invariants of the system, define the peritectoid point, which lies between the compositions of phases α and β.
Note 1: Derived from Greek, meaning "resembling a peritectic". Note 3: Before 1978, the usual unit for S expressed as a mass fraction was permil (no longer recommended), now usually in units g kg -1 or expressed as g kg -1 without the units given explicitly.
Example: the practical salinity of a sample of artificial sea water is S = 35.000 0 ‰ or 35.000 0 g kg -1 or 35.000 0 × 10 -3 or 35.000 0. See also chlorinity. From [7, 8] .
salt effect (in solubility) Change in solubility of a solute in aqueous solution on addition of a salt that does not possess a common ion with the original solute.
Note: If the solubility increases on addition of a salt, the addition is said to cause salting-in; if the opposite, it causes salting-out.
See also Sechenov equation.
saturated solution
Solution that has the same composition of a solute as one that is in equilibrium with undissolved solute at specified values of temperature and pressure.
Note: Ternary and higher-order systems can be saturated with respect to one component while being unsaturated with respect to another.
saturating solute
Solute that forms a saturated solution.
Note: Together with the term non-saturating solute, used to distinguish among solutes in ternary and higher-order systems. 
Schreinemakers' method
See wet residue method.
Sechenov equation
Expression of the salt effect that relates the change in solubility of a nonelectrolyte (e.g., gas or organic liquid) to changing ionic strength of aqueous solutions, lg(s o /s) = K s I s where s o , s are the solubilities of nonelectrolyte in pure water and saline solution, respectively, K s the Sechenov parameter (an empirical proportionality constant), and I s the ionic strength of the saline solution.
Note 1:
Positive values of the Sechenov parameter correspond to the commonly observed salting-out effect; negative values to the less common salting-in effect.
Note 2: Sechenov is the international and Setschenow the German transliteration of .
From [5, 28] .
Sieverts' law
Solubility of a diatomic gas in a molten metal is proportional to the square root of the partial pressure.
Note 1:
The law follows from the solubility constant for equilibrium dissolution of an ideal diatomic gas X 2 in a metal M to form an ideal solution of dissociated atoms:
for which, and for dilute solutions of the gas, 
